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Abstract
The complete matrix element for e+e− → bb¯Z0Z0 has been computed at
tree–level and applied to Z0H0–production followed by Z0 → bb¯ and H0 →
Z0Z0, including all the irreducible background, at Next Linear Colliders.
We find that, assuming flavour identification of the Z0–decay products, this
channel, together with e+e− → bb¯W+W− in which Z0H0 → (bb¯)(W+W−),
can be important for the study of the parameters of the Standard Model
Higgs boson over the heavy mass range 2MZ0
<
∼ MH0
<
∼ 2mt.
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Introduction
Despite the innumerable phenomenological successes of the Standard Model (SM), an
essential ingredient is still missing: the discovery of the Higgs boson H0. This particle
plays a crucial role in generating the spontaneous symmetry breaking of the SU(2)L×
U(1)Y gauge group of the electroweak interactions, and in ensuring the renormalizability
of the whole theory. We know that the H0 is supposed to be a CP–even neutral scalar
boson, we know its couplings to the other elementary particles, but no prediction on
its mass (i.e., MH0) can theoretically be done.
However, an upper bound of approximately 1 TeV (from perturbative unitarity ar-
guments [1]) is expected, whereas a lower limit can be derived from current experiments
at LEP I. In fact, from unsuccessful searches for e+e− → Z0 → Z0∗H0 events at the
Z0–peak, one can deduce the bound MH0
>
∼ 60 GeV [2].
Assuming the above mass range, various studies on the feasibility of its detection
by the next generation of high energy machines have been carried out, both at hadron
colliders [3, 4, 5, 6] and at the e+e− ones [3, 7, 8, 9, 10, 11].
On the basis of the expected center–of–mass (c.m.) energies, luminosities, detector
performances of these accelerators and of the predicted cross sections and branching
ratios, it has been definitively demonstrated that, if the H0 is in the mass region
MH0
<
∼ MZ0 (i.e., light Higgs), it can be discovered at LEP II (with
√
see = 160 ÷ 200
GeV) in a large variety of channels [7]. For a larger mass Higgs, a pp colliders like
the LHC (
√
spp = 14 TeV) and/or an e
+e− accelerator like the Next Linear Collider
(NLC, with
√
see = 300 ÷ 1000 GeV) is needed. Even though at the LHC the mass
range MZ0
<
∼ MH0
<
∼ 130 GeV is quite difficult to cover since in this case the Higgs
boson mainly decays to bb¯–pairs (signature which has a huge QCD background if b–
quarks cannot be recognized), nevertheless, it should be possible to detect it in the
rare γγ–decay mode [12] via the associated production with a W± boson [13, 14] or
a tt¯–pair [15, 16]. At the LHC, for MH0
>
∼ 130 GeV, the “gold-plated” four–lepton
mode (i.e., H0 → Z0Z0 → ℓ+ℓ−ℓ+ℓ−), via various production channels, remains the
clearest signature [4, 5]. At NLCs, with
√
see = 300 ÷ 500 GeV, the Higgs detection
is possible over the whole intermediate mass range (i.e., MZ0
<
∼ MH0
<
∼ 2MW±) [17],
via the bremsstrahlung reaction e+e− → Z0∗ → Z0H0 [18] and/or the fusion processes
e+e− → ν¯eνeW±∗W∓∗(e+e−Z0∗Z0∗)→ ν¯eνe(e+e−)H0 [19]. If
√
see
>
∼ 500 GeV, a heavy
Higgs (i.e., MH0
>
∼ 2MW±, and mainly produced via the fusion processes), can be
detected via the four–jet modes H0 → W±W∓, Z0Z0 → jjjj as well as via the 4ℓ–
1
decay [20, 21]. Finally, signatures that can be disentangled through b–tagging [22], must
also be added to the mentioned channels: such as, e.g., at the LHC, tt¯H0 production,
with one t(t¯) decaying semileptonically and H0 → bb¯, with 80 GeV <∼ MH0 <∼ 130 GeV
[23].
In a recent study [24], we presented an analysis of the Bjorken reaction e+e− →
Z0H0 in the case of a heavy Higgs decaying to W+W−–pairs and with Z0 → bb¯, and
of all the bb¯W+W− irreducible background, assuming flavour identification of the Z0–
decay products. We emphasized in that work the importance of b–tagging the weak
boson Z0, as this could be one of the most efficient ways of detecting it, since this
channel is free from W±–decay backgrounds, has a branching ratio approximately five
times larger than that one of Z0 decaying to ℓ+ℓ−–pairs (with ℓ = e, µ or τ), and is
comparable to the fraction of invisible decays Z0 → νν¯. This, obviously, relies on the
expected efficiencies and purities for b–tagging at NLCs [25].
In ref. [24] we found that, after carrying a missing mass analysis [26] on e+e− →
bb¯W+W−, there are values of the Higgs mass for which a simple cut on the in-
variant mass Mbb¯ is sufficient in order to completely eliminate the irreducible back-
ground (which is dominated by tt¯–production and decay) when the double distribu-
tions dσ/dMbb¯/dMW+W− of signal and background events do not overlap in the plane
(Mbb¯,MW+W−). Otherwise, further cuts based on the kinematics of the tt¯–background
are needed, and these still maintain an acceptable number of events from Higgs pro-
duction.
The missing mass method has the useful feature of being independent of assumptions
on theH0–decay modes, but this means that as the bb¯W+W− events enter in the missing
mass distribution so should the bb¯Z0Z0 ones, and with a quite large component of signal
H0 → Z0Z0 if compared to H0 → W+W−, since the Z0Z0–branching ratio is only a
factor of two/three less than the W+W−–one in the heavy Higgs mass region (with
MH0
<
∼ 2mt). Because of this “inclusive” analysis on the decay products of the Higgs
boson, both signals and irreducible backgrounds of both the above processes must be
then considered at the same time2. Therefore, we retain that a complete study, which
includes e+e− → bb¯Z0Z0 as well as e+e− → bb¯W+W−, is needed in order to definitively
establish the feasibility of all the foreseen measurements of the Higgs boson parameters,
if the missing mass analysis is adopted and the Z0 is assumed to decay to bb¯–pairs, with
2Moreover, in the range 2MW±
<
∼ MH0
<
∼ 2mt, H
0 →W+W− and H0 → Z0Z0 are the only relevant
branching fractions.
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these tagged by vertex detectors.
As already done in ref. [24] we do not include in our computations the beam en-
ergy spread resulting from bremsstrahlung and beamsstrahlung effects, therefore, as
explained there, one has to expect both the number of events and their statistical
significance to be slightly higher than those ones we predict here.
In this letter, using the full matrix element for the process e+e− → bb¯Z0Z0 we
study the production of a heavy SM Higgs (i.e., MH0 ≥ 2MW±) via the Bjorken
bremsstrahlung reaction e+e− → Z0H0, followed by the decays Z0 → bb¯ and H0 →
Z0Z0, and of all the irreducible bb¯Z0Z0 background. Moreover, we present final results
in which both the rates for bb¯W+W− and bb¯Z0Z0 are added together.
Following the track of ref. [24], we give details of the calculation in section II, while
in section III we present and discuss the results. Finally, section IV is devoted to our
conclusions.
Calculation
All the Feynman diagrams describing the process e+e− → bb¯Z0Z0 at tree–level are
shown in fig. 1, where graphs in which Z0’s can be exchanged (i.e., when they do
not come from the same vertex) must be counted twice (exchanging the corresponding
quadrimomenta). The matrix element has been computed using the method of ref. [27]
and we have checked the FORTRAN code for BRS invariance [28] and compared it with
a second one, produced by MadGraph [29] and using the package HELAS [30]3.
The following numerical values of the parameters were adopted: MZ0 = 91.1 GeV,
ΓZ0 = 2.5 GeV, sin
2(θW ) = 0.23, mb = 5.0 GeV and αem = 1/128. For the Higgs width
(i.e., ΓH0) we have adopted the tree–level expression, and we have not included effects
of the width of the final state Z0’s.
A few thoughts will now be devoted to the procedure adopted for the integration of
the matrix element over the phase space. In order to control the interplay between the
various peaks which appear in the integration domain when all tree–level contributions
are kept into account, we have split the Feynman amplitude squared into a sum of
different (non gauge invariant) terms, each of which corresponds to the modulus squared
of the resonant diagrams (for each possible resonance) and, eventually, their interference
with other channels [24]. In a similar way, the contribution of non–resonant diagrams
must also be considered.
3Running then only the first one for producing results.
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Explicitly, in the case of the process e+e− → bb¯Z0Z0 with MH0 > 2MZ0 , we have
H0 → bb¯Z0, Z0 → bb¯, H0 → Z0Z0, Z0H0 → (bb¯)(Z0Z0) and H0 → bb¯ resonances, via
the five channels (see fig. 1)4:
M1 : H
0 → bb¯Z0 diagrams # 11, 12, 18,
M2 : Z
0 → bb¯ diagrams # 4, 5, 6 (with Z0 − propagators),
M3 : H
0 → Z0Z0 diagrams # 15, 16,
M4 : Z
0H0 → (bb¯)(Z0Z0) diagram # 17,
M5 : H
0 → bb¯ diagrams # 13, 14.
Diagrams # 1–3, 7–10, and 4–6 (with γ – propagators) constitute the sixth (non–
resonant) channel (M6). Obviously, if Mi indicates the sum of the diagrams entering
in the i–th channel, one has
Mtot =
6∑
i=1
Mi, (1)
where Mtot is the total Feynman amplitude. In squaring equation (1) we take the
combinations5
M21 = |M1|2, M22 = |M2|2 + 2ℜ[M2M∗4 ], (2)
M23 = |M3|2 + 2ℜ[M3M∗4 ], (3)
M24 = |M4|2, M25 = |M5|2, (4)
M26 = |M6|2
+2ℜ[M1M∗2 ] + 2ℜ[M1M∗3 ] + 2ℜ[M1M∗4 ] + 2ℜ[M1M∗5 ]
+2ℜ[M1M∗6 ] + 2ℜ[M2M∗3 ] + 2ℜ[M2M∗5 ] + 2ℜ[M2M∗6 ]
+2ℜ[M3M∗5 ] + 2ℜ[M3M∗6 ] + 2ℜ[M4M∗5 ] + 2ℜ[M4M∗6 ]
+2ℜ[M5M∗6 ], (5)
where ℜ(x) represents the real part of x, and with
|Mtot|2 =
6∑
i=1
M2i , (6)
4Diagrams with exchanged Z0’s are here implied.
5This in order to minimize the errors coming from the multi–dimensional integrations over the
phase space, when we need to integrate interferences between channels with and without (or different)
resonances.
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where |Mtot|2 is the total Feynman amplitude squared.
Then, to obtain an integrand function smoothly dependent on the integration vari-
ables, for each contribution in the matrix element (6) containing a resonance we make
the change
p2 −M2 = MΓ tan θ, (7)
this factorizes the Jacobian
dp2 =
1
MΓ
[(p2 −M2)2 +M2Γ2]dθ, (8)
which removes the dependence on the Breit–Wigner peaks appearing in theM2i terms.
Here, p, M and Γ stand for the quadrimomentum, the mass and the width of the
resonance, respectively. Then, we separately integrated the various contributions (2)–
(5) by VEGAS [31], using an appropriate phase space for each.
Finally, throughout this paper we adopt an integrated luminosity L = 10 pb−1 and
we assume that only one b–jet is tagged, with an efficiency ǫb = 1/3 (i.e., ǫb is the
probability for a b–quark to satisfy a given set of tagging requirements). Therefore, the
probability of tagging at least one b(b¯) out of a bb¯–pair is P1 = 1−(1−ǫb)2 = 5/9 ≈ 0.56.
In principle, we should consider here the fact that there are also the other two Z0’s in
the event, one or both of which can decay to bb¯–pairs. To this aim, we express Pn =
1− (1− ǫb)2n to be the probability of tagging at least one b(b¯) out of n bb¯–pairs, and we
“roughly” split the total cross section σ(e+e− → bb¯Z0Z0) into three contributions: σ3 =
σ(e+e− → bb¯Z0Z0)×[BR(Z0 → bb¯)]2×
(
δbb¯,bb¯,bb¯
δ
Z0Z0
)
, σ2 = σ(e
+e− → bb¯Z0Z0)×[2BR(Z0 →
bb¯)]×
(
δbb¯,bb¯
δ
Z0Z0
)
and σ1 = σ(e
+e− → bb¯Z0Z0)−σ2−σ3, corresponding to the case of three,
two and one final bb¯–pairs from Z0–decays, respectively. Here, BR(Z0 → bb¯) ≈ 0.15
is the Z0–branching ratio into b–quarks, whereas δZ0Z0(δbb¯,bb¯)[δbb¯,bb¯,bb¯] = 1/2(1/4)[1/36]
is the 1/k! factor for each k–uple of identical particles (since we integrated over the
whole phase space) in bb¯XY (bb¯bb¯X)[bb¯bb¯bb¯] final states, with X and Y not representing
b–particles. Then, we expect the efficiency of tagging at least one b(b¯) out of all the
possible final signatures of bb¯Z0Z0 events to be Ptot ≈ ∑3n=1 Pnσn/σ(e+e− → bb¯Z0Z0) ≈
0.59. Since adopting one or the other of the two values P1 and Ptot would not change
the conclusions (see later on), as a first approximation we forget the complications due
to possible bb¯–decays of the on–shell Z0’s in bb¯Z0Z0 events, and we continue to treat
these latter “inclusively”6.
6Also, throughout the analysis we implicitly assume that we are always considering the right “bb¯”–
pair (i.e., the tagged b(b¯) with the un–tagged b¯(b) coming from the same Z0), this is due to the
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Results
Our results are presented throughout figs. 2–7, and in tabs. I–IV.
In figs. 2–3 we show the differential distribution dσ/dMZ0Z0 for e
+e− → bb¯Z0Z0
events, obtained from the full matrix element (i.e., summed over all the six contributions
M2i ), for two different values of the c.m. energy of a NLC, and for the same choice
of Higgs masses adopted in ref. [24] (see figs. 3–4 there)7. As in ref. [24], in order to
disentangle the signal Z0H0 → (bb¯)(Z0Z0) from the irreducible background we have
imposed a cut around the Z0 mass, requiring that |MZ0 −Mbb¯| < 10 GeV. Also, since
we are looking for events that have to be tagged by microvertex detectors, we selected
only configurations with | cos θbb¯| < 0.8 [25, 26].
Both in fig. 2 and in fig. 3 the H0 → Z0Z0 peaks appear clearly visible over the flat
structure of the irreducible background, which (looking at the integrals of the various
components (2)–(5) of the matrix element) appears to be dominated by the H0 → bb¯Z0
(i.e.,M21) and the Z0 → bb¯ (i.e.,M22) contributions, which, obviously, largely pass the
cut in Mbb¯. Moreover, the cross section corresponding toM21 is roughly equal to twice
the signal (i.e., the integral of M24) since these two processes can be approximated in
terms of a production×decay reaction e+e− → Z0H0 → Z0(Z0Z0) × BR(Z0 → bb¯),
with the Z0 → bb¯ decay corresponding, in one case, to a Z0 directly coming from the
two–body Bjorken process (diagram #17) and, in the other case (the contribution to
this resonance coming from the H0 → bb¯ decay followed by a Z0–bremsstrahlung off
b–lines is in fact negligible), to a Z0 from the H0 → Z0Z0 decay (diagrams #18), and
with differences (only a few fractions of picobarns for the integrated “cross sections”)
coming from the different kinematics of the decaying Z0’s8. The factor of two comes
from having two Z0’s in theM21 contribution that can both decay to a bb¯–pair. In the
case ofM22 we have three Z0’s produced via bremsstrahlung off the e+e− fermion line,
underlying cut in Mbb¯, which drastically suppresses (because of the narrowness of the Z
0–resonance)
any contribution coming from wrong b(b¯)–jet combinations, with the jet eventually coming from
Z0–decays (as done in ref. [24]).
7Only the value MH0 = 170 GeV, there considered at
√
s = 350 GeV, has been dropped here, since
this case would correspond to a below threshold decay H0 → Z0∗Z0∗ → f f¯f ′f¯ ′ (where f (′) stands
for a lepton ℓ or νℓ, with ℓ = e, µ, τ , or a light quark q = u, d, s, c, b), with a six particle signature
(bb¯)(f f¯)(f ′f¯ ′), which deserves a more complicated treatment than of the one we are interested in
performing here.
8In the following we will speak of a “prompt Z0” for the case M24 and of a “H0–decay Z0” for
M21. Also we will write “bremsstrahlung Z0” when we will intend to indicate a Z0 produced via the
diagrams entering in M22.
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with one of them decaying to the bb¯–pair9.
In tab. I we present the expected number of signal (S) and background (B) events
together with the statistical significance S/
√
B, for L = 10 fb−1 and ǫb = 1/3, in a
window of 10 GeV around the adopted values of the Higgs mass MH0 , at
√
s = 350 and
500 GeV, after the cuts in Mbb¯ and cos θbb¯ discussed above. Looking at the ratio S/
√
B
it would seem that, even though with a small number of events in some instances, the
signal is detectable. However, we have to remember that the final goal is to look at the
spectrum in missing mass and at the total number of events when the rates for both
signal and background of both the processes e+e− → bb¯Z0Z0 and e+e− → bb¯W+W−
are added together in an inclusive analysis. For that, we have plotted in figs. 4–5 the
differential distribution dσ/dMV V , which is the sum of the corresponding histograms of
the two above processes (when V V = Z0Z0 and W±W∓), for the usual combination of
Higgs masses and c.m. energies (i.e., we sum the distributions in fig. 3(4) of [24] and
in fig. 2(3) of this study). Then we have again integrated these curves in a window of
10 GeV aroundMH0 , obtaining the total number of signal and background events (now
picked out of the inclusive missing mass spectrum) and the corresponding significances
shown in tab. II10.
From figs. 4–5 and tab. II it is then clear that adding together the missing mass
spectra of the two processes increases the total significances, to ≈ 18(14)[20]% for√
s = 350 GeV and MH0 = 185(210)[240] GeV and to ≈ 35(36)[43]% for
√
s = 500
GeV andMH0 = 210(250)[300] GeV, with respect to those ones obtained for the process
e+e− → bb¯W+W− only [24]. Now, with the values of tab. II the only signal that still
appears quite difficult to disentangle from the irreducible background is MH0 = 300
GeV at
√
s = 500 GeV, this is also due to the fact that for this value of MH0 the Higgs
width is sizably large (ΓH0 ≈ 8.5 GeV) and comparable to the one of the window in
MV V we integrate over (whereas this does not happen for the other cases, since for
them we always have ΓH0 < 4.1 GeV, the value of ΓH0 for MH0 = 250 GeV).
Of course, at this point we could decide to integrate over a larger window, retaining
9We wonder if the case M21 has to be really considered as a background, since it includes a Higgs
produced via the Bjorken reaction, even though not peaking in the missing mass spectrum: in fact
not all the particles entering in the missing mass come from the H0. By the way, its spectrum in
this variable is quite flat and completely useless in disentangle H0–signals with respect the other
backgrounds.
10Since in [24] only the significances for the cases
√
s = 500 GeV and MH0 = 250 and 300 GeV were
given for the value of top mass here adopted, we list now the remaining ones: they are 8.50(8.36)[6.20]
for
√
s = 350 GeV and MH0 = 185(210)[240] GeV, and 17.57 for
√
s = 500 GeV and MH0 = 210 GeV.
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then more signal, but for
√
s = 500 GeV and (let us say) |MV V −300 GeV| <∼ 10 GeV we
would include also the region (around MV V ≈ 310 GeV) where the background from
e+e− → bb¯W+W− is maximum (compare with fig. 4 of [24]). Therefore, this is not
the best way to proceed, and in fact in ref. [24] it has instead been decided to apply
cuts based on the kinematics of tt¯–production and decay: i.e., we required that one
of the W±’s (let us say W+) failed in reproducing the kinematics of the tt¯–final state
when coupled with either of the two b’s, namely that mt − 10 GeV > |MW+b(W+b¯)| >
mt+10 GeV and Ebeam−10 GeV > |EW++Eb(b¯)| > Ebeam+10 GeV. But, even though
these selection criteria are quite convenient [24], they require the decay products of the
W± to be tagged: that is, a further experimental detection effort is needed compared
to the missing mass analysis which only requires tagging the bb¯–system.
The effect of another additional cut can then be exploited. If we look at the
spectrum in energy Ebb¯ of the bb¯–pair, this (due to the Z
0H0 two–body kinematics
of the Bjorken production) is “practically” mono–energetic for a pair coming from a
prompt Z0, whereas it appears quite broad if the pair is produced by a H0–decay or
a bremsstrahlung Z0 (figs. 6–7)11. Therefore, retaining only events in an appropriate
window around the maximum in Ebb¯ could further reduce the two Z
0–resonant back-
grounds (and not those only) with respect to the signal. Some care has to be taken in
exploiting this possibility. In fact, the above spectrum is really mono–energetic only
apart from photon bremsstrahlungs off e+e−–lines12. When such photons (namely Ini-
tial State Radiation, ISR) are included in the computation, the energy flowing in the
first Z0–propagator of diagram 17 is not a constant any longer. Therefore, the prompt
Z0 spectra would appear broader than those ones plotted here. Nevertheless, since the
mean e+e− c.m. energy loss δ√s due to ISR is, e.g., ≈ 5% at
√
s = 500 GeV [32],
one can choose a window wide enough (≈ δ√s ×
√
s) to prevent complications due to
such effects13. The effectiveness of this cut is clear from tab. III, which presents the
percentage of configurations that give an energy of the bb¯–pair in a window of 25 GeV
11Concerning the case of bremsstrahlung Z0’s it has to be remembered (see eq. (2)) thatM22 includes
also the interference of Z0 → bb¯ with the signal Z0H0 → (bb¯)(Z0Z0), whose effects appear clearly
visible in the “half” small peak below the signal one, and which, at the end, slightly enhance the
contribution of this background.
12Even though photon emission can happen also off bb¯–lines, however this latter can easily be
included in the invariant mass reconstructing the Z0–peak. So, we do not stress this case further,
here.
13The inclusion of Linac energy spread and beamsstrahlung should not drastically change this strat-
egy, at least for the “narrow” D–D and TESLA collider designs (see ref. [32]).
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around the peak Emax
bb¯
for the above three bb¯Z0Z0 sub–processes.
So, finally, requiring for the e+e− → bb¯V V events to have energy of the bb¯–pair in
the above window around the maxima (which are ≈ 138(124)[105] GeV for √s = 350
GeV and MH0 = 185(210)[240] GeV, and ≈ 214(196)[168] GeV for
√
s = 500 GeV and
MH0 = 210(250)[300] GeV for both the cases
14 V V = Z0Z0,W+W−) and calculating
the corresponding percentage of events passing this cut (now for all the components of
both the processes e+e− → bb¯W+W− and e+e− → bb¯Z0Z0) leads to the final number of
signal and background events, and their statistical significances, given in tab. IV. From
which we deduce that an additional simple cut in Ebb¯ increases the ratios S/
√
B up to
values such that Higgs detection should now be feasible everywhere just by adopting
a pure missing mass analysis (i.e., without resorting to any identification of the decay
products of the vector bosons).
Conclusions
In summary, in this letter we studied the production of a heavy Higgs (with 2MW± <
MH0 < 2mt, where mt = 175 GeV) and a Z
0 through the Bjorken bremsstrahlung
reaction e+e− → Z0H0 at NLC energies, assuming H0 → Z0Z0 and Z0 → bb¯ and
requiring a single b–tagging for the Z0–detection. We have also studied all the irre-
ducible background in e+e− → bb¯Z0Z0 events. We found that Higgs signals, which
would be clearly detectable for e+e− → bb¯Z0Z0 on their own, still remain once we add
(as needed for the missing mass analysis) this process to e+e− → bb¯W+W−, where
Z0H0 → (bb¯)(W+W−) and which includes among the irreducible background the huge
tt¯ → bb¯W+W− production and decay. This was done only by imposing the following
cuts on the bb¯–system: | cos θbb¯| < 0.8, |Mbb¯ −MZ0 | < 10 GeV and |Ebb¯ −Emaxbb¯ | < 12.5
GeV, where Emax
bb¯
is the maximum in the energy spectrum of the bb¯–pair, which is
practically mono–energetic for the bb¯–pair coming from a Z0 produced in the two–body
Bjorken reaction. In particular, this latter cut turns out to be extremely useful in
rejecting the tt¯–background in e+e− → bb¯W+W− events, thus avoiding further cuts
based on the tt¯–kinematics, which, although useful to the above aim, imply tagging the
decay products of one of the two W±’s. In fact, this latter procedure diminishes the
attractiveness of the missing mass analysis (which only requires tagging the bb¯–system),
14We do not reproduce here the figures for e+e− → bb¯W+W−, since they do not differ too much
from figs. 6–7: there the signal (various backgrounds) is(are) as narrow (broad with respect to the
signal) as that (those) one(s) of e+e− → bb¯Z0Z0.
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and also introduces a reduction factor in the statistics due to the branching ratio of the
decaying W±–boson.
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Table Captions
table I The expected number of e+e− → bb¯Z0Z0 signal and background events in
the window |MH0 −MZ0Z0 | < 5 GeV and their statistical significance at
√
s =
350 GeV and
√
s = 500 GeV for a selection of Higgs masses after the cuts:
|MZ0 −Mbb¯| < 10 GeV and | cos θbb¯| < 0.8. We assume that only one b–jet is
tagged with efficiency ǫb = 1/3. The luminosity is taken to be L = 10 fb−1.
table II The expected number of signal and background events for e+e− → bb¯Z0Z0
and e+e− → bb¯W+W− processes, added together, in the window |MH0−MV V | < 5
GeV and their statistical significance at
√
s = 350 GeV and
√
s = 500 GeV for a
selection of Higgs masses after the cuts: |MZ0−Mbb¯| < 10 GeV and | cos θbb¯| < 0.8.
We assume that only one b–jet is tagged with efficiency ǫb = 1/3. The luminosity
is taken to be L = 10 fb−1. Numbers corresponding to the contribution of e+e− →
bb¯W+W− events are taken from ref. [24] (assuming mt = 175 GeV).
table III Percentage of events with energy of the bb¯–pair Ebb¯ in the window
|Emax
bb¯
− Ebb¯| < 12.5 GeV for the cases of a prompt Z0, a H0–decay Z0 and
a bremsstrahlung Z0 (see in the text) at
√
s = 350 and
√
s = 500 GeV for a se-
lection of Higgs masses after the cuts: |MZ0 −Mbb¯| < 10 GeV and | cos θbb¯| < 0.8.
table IV The expected number of signal and background events for e+e− → bb¯Z0Z0
and e+e− → bb¯W+W− processes, added together, in the window |MH0−MV V | < 5
GeV and their statistical significance at
√
s = 350 GeV and
√
s = 500 GeV for a
selection of Higgs masses after the cuts: |MZ0−Mbb¯| < 10 GeV, | cos θbb¯| < 0.8 and
|Ebb¯−Emaxbb¯ | < 12.5 GeV. We assume that only one b–jet is tagged with efficiency
ǫb = 1/3. The luminosity is taken to be L = 10 fb−1. Numbers corresponding
to the contribution of e+e− → bb¯W+W− events are computed from ref. [24]
(assuming mt = 175 GeV).
Figure Captions
figure 1 Feynman diagrams contributing in the lowest order to e+e− → bb¯Z0Z0 (those
ones obtainable by exchanging the two Z0 bosons are not shown). Internal wavy
lines represent a γ or a Z0, as appropriate. Internal dashed lines represent a Higgs
boson.
figure 2 The differential distribution dσ/dMZ0Z0 for e
+e− → bb¯Z0Z0 (full matrix el-
ement with all Higgs contributions), at
√
s = 350 GeV, for MH0 = 185 GeV
(continuous line), MH0 = 210 GeV (dashed line) and MH0 = 240 GeV (dotted
line), with the following cuts: |MZ0 −Mbb¯| < 10 GeV and | cos θbb¯| < 0.8.
figure 3 The differential distribution dσ/dMZ0Z0 for e
+e− → bb¯Z0Z0 (full matrix el-
ement with all Higgs contributions), at
√
s = 500 GeV, for MH0 = 210 GeV
(continuous line), MH0 = 250 GeV (dashed line) and MH0 = 300 GeV (dotted
line), with the following cuts: |MZ0 −Mbb¯| < 10 GeV and | cos θbb¯| < 0.8.
figure 4 The differential distribution dσ/dMV V , for e
+e− → bb¯Z0Z0 and e+e− →
bb¯W+W− processes (full matrix elements with all Higgs contributions), added
together, at
√
s = 350 GeV, for MH0 = 185 GeV (continuous line), MH0 = 210
GeV (dashed line) and MH0 = 240 GeV (dotted line), with the following cuts:
|MZ0−Mbb¯| < 10 GeV and | cos θbb¯| < 0.8. Plots corresponding to the contribution
of e+e− → bb¯W+W− events are taken from ref. [24] (assuming mt = 175 GeV).
figure 5 The differential distribution dσ/dMV V , for e
+e− → bb¯Z0Z0 and e+e− →
bb¯W+W− processes (full matrix elements with all Higgs contributions), added
together, at
√
s = 500 GeV, for MH0 = 210 GeV (continuous line), MH0 = 250
GeV (dashed line) and MH0 = 300 GeV (dotted line), with the following cuts:
|MZ0−Mbb¯| < 10 GeV and | cos θbb¯| < 0.8. Plots corresponding to the contribution
of e+e− → bb¯W+W− events are taken from ref. [24] (assuming mt = 175 GeV).
figure 6 The differential distribution dσ/dEbb¯/σ for the signal e
+e− → Z0H0 with
the bb¯–pair coming from the prompt Z0 (continuous line), from a H0–decay Z0
(dashed line) and from a bremsstrahlung Z0 (dotted line), at
√
s = 350 GeV, for
MH0 = 185, 210 and 240 GeV, with the following cuts: |MZ0 −Mbb¯| < 10 GeV
and | cos θbb¯| < 0.8.
figure 7 The differential distribution dσ/dEbb¯/σ for the signal e
+e− → Z0H0 with
the bb¯–pair coming from the prompt Z0 (continuous line), from a H0–decay Z0
(dashed line) and from a bremsstrahlung Z0 (dotted line), at
√
s = 500 GeV, for
MH0 = 210, 250 and 300 GeV, with the following cuts: |MZ0 −Mbb¯| < 10 GeV
and | cos θbb¯| < 0.8.
MH0 (GeV) Signal Background S/
√
B
√
s = 350 GeV
185 7.45 0.18 17.63
210 9.00 3.64 4.72
240 4.44 1.13 4.17
√
s = 500 GeV
210 6.78 0.058 28.20
250 4.93 0.73 5.75
300 2.51 0.51 3.52
L = 10 fb−1 ǫb = 1/3
Table I
MH0 (GeV) Signals Backgrounds S/
√
B
√
s = 350 GeV
185 47.85 22.79 10.02
210 32.47 11.53 9.56
240 15.06 4.06 7.47
√
s = 500 GeV
210 24.48 1.07 23.65
250 16.56 9.01 5.52
300 8.17 17.92 1.93
L = 10 fb−1 ǫb = 1/3
Table II
MH0 (GeV) Prompt Z
0 H0–decay Z0 Bremsstrahlung Z0
√
s = 350 GeV
185 98% 0.63% 27%
210 99% 56% 70%
240 98% 36% 61%
√
s = 500 GeV
210 98% 0.36% 18%
250 96% 23% 23%
300 91% 23% 22%
Z0 → bb¯
Table III
MH0 (GeV) Signals Backgrounds S/
√
B
√
s = 350 GeV
185 47.43 18.60 11.00
210 32.08 5.97 13.13
240 14.79 1.40 12.50
√
s = 500 GeV
210 23.91 0.14 62.84
250 15.87 1.54 12.79
300 7.42 5.09 3.29
L = 10 fb−1 ǫb = 1/3
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